The violation of Bell inequalities by quantum physical experiments disproves all relativistic micro causal, classically real models, short Local Realistic Models (LRM). Non-locality, the infamous "spooky interaction at a distance" (A. Einstein), is already sufficiently 'unreal' to motivate modifying the "realistic" in "local realistic". This has led to many worlds and finally many minds interpretations. We introduce a simple many world model that resolves the Einstein Podolsky Rosen paradox. The model starts out as a classical LRM, thus clarifying that the many worlds concept alone does not imply quantum physics. Some of the desired 'non-locality', e.g. anti-correlation at equal measurement angles, is already present, but Bell's inequality can of course not be violated. A single and natural step turns this LRM into a quantum model predicting the correct probabilities. Intriguingly, the crucial step does obviously not modify locality but instead reality: What before could have still been a direct realism turns into modal realism. This supports the trend away from the focus on non-locality in quantum mechanics towards a mature structural realism that preserves micro causality.
Introduction: Quantum Physics and Different Realisms
Quantum mechanics has been experimentally confirmed to astounding levels of accuracy. The core of the theory is entanglement. Uncertainty and quantization can emerge from classical substrates, but entanglement, which is called superposition if it is the entanglement of states rather than that of multiple particles (which are states of a field), is fundamentally non-classical. All important modern applications like quantum cryptography (Ekert 1991) 1 for example are based on quantum entanglement.
Entanglement is proven to be non-classical by the experiments and theory around the Einstein Podolsky Rosen (EPR) paradox (Einstein 1935 ) 2 and John Bell's famous inequality (Bell 1964 ) 3 .
The violation of Bell inequalities in quantum physical experiments (Aspect 1981;  1982) 4, 5 has disproved all local realistic models (LRM), for example non-contextual hidden variables. Such hidden variables cannot violate Bell's inequality (Bell 1966) 6 , variations of which (Clauser 1969 ) 7 have been strongly violated by diverse experiments, most impressively by closing (Weihs 1998) 8 the so called "communication loophole", and quite recently again by confirmation of the Kochen-Specker theorem (Kirchmair 2009 ) 9 . Desperate attempts at saving localism and unmodified realism try to let LRM exploit the "detection loophole". They have almost retreated to claiming what Abner Shimony calls a conspiracy a at the intersection of the measurements' past light cones.
a "… there is little that a determined advocate of local realistic theories can say except that, despite the spacelike separation of the analysis-detection events involving particles 1 and 2, the backward light-cones of these two events overlap, and it is conceivable that some controlling factor in the overlap region is responsible for a conspiracy affecting their outcomes. There exists an external physical reality completely independent of us humans"
prominently onto the first page and even before the mathematical universe hypothesis.
Modal realism is alien to the direct realist who believes in one single, classical world that may be deterministic. It is but one step in the ongoing retreat of realism. According to decoherence (Zurek 1998) 29 , all states fundamentally stay entangled by the total MW structure; they only decohere for all practical purposes (effectively). Gravity induced 'objective state collapse' (Penrose 1996) 30 insists on strictly not actualized alternatives that will never interfere anymore, while AdS/CFT correspondence argues for unitary quantum gravity. All this is far beyond the scope of the present work and does not seriously impact our MW model either way.
From Classical 'Meta-Randomness' to Empirical Probability
Space as such does not reside inside some meta-space. If time is put down as a t-axis, it
should not be discussed as if there is a 'now-moment' creeping along the axis, as if there is a meta-time that allowed such movement. One rejects such meta-levels, because describing them would require another 'meta-meta' level, leading to infinite regress or at least regress without definite termination. However, when it comes to probability, this error is still common. Consider the branching tree of the potential outcomes of coin tosses. There is no meta level on which we throw a fair meta-coin whenever we reach a branching point. Classical probability equals a 'meta-probability' that can be represented as a phase space volume V. A random vector DR (for "Direct Realism") may select the actual outcome without bias for any points in that space: The more volume a branch has, the more likely it will be selected. Statistical mechanics similarly assumes fair metaprobability via the ergodic hypothesis. Instead of the whole being already fully described by the tree alone, the meta-probability V makes DR behave properly. Such meta-coin tosses are unnecessary and lead to difficulties especially in cosmology, where also spacein-space and time-of-time are most problematic.
In a true MW model, all outcomes are actualized relative to their own branch. You do not advance into the 'heads' instead of the 'tails' branch with meta-probability V heads = ½; both futures exist. Most outcome branches of several tosses will observe close to 50%
heads. The probability P of an outcome is proportional to the number N of branches with that outcome, which can only in a classical MW model be replaced by V, as our model will clarify. Nothing selects any branches or needs to count the parallel branches in order to establish P. The branches remember their past, that is enough.
Many Worlds by Cutting a Wiener Sausage
Imagine the EPR experimental setup (See Appendix) embedded inside a straight "Wiener" sausage, i.e. a cylinder with its symmetry axis along the x-direction x. The sausage volume V is the classical probability. It does not exist in coordinate space, but V splits as dictated by the geometry of that space, thus we depict them in this way. Imagine also a vector DR (Fig. 1a) that points to the 'one true real' world which direct realism insists on while taking the rest as mere mathematical construction that reflects the hidden physical mechanisms. When a photon is measured with a beam splitting crystal, the sausage splits according to a right hand rule. The cross product of the arriving photon's propagation direction p with the internal z-axis of the crystal points toward worlds where the measurement outcome equals zero. At Bob's and Alice's places, this is x µ b and (-x) µ a, respectively. The "dislocations" of decoherence that travel outwards from the measurement events split the world like a "zipper" (Zeh 2010) 31 ( Fig. 1a) . In other words, the measurement vectors a and b cut the sausage like wires. If parallel, they cut it along the same plane and only two kinds of parallel worlds result (Fig. 1b) :
One half measured (AB) = (01), the other (10) .
In order to model arbitrary measurement directions a and b, let a crystal's internal ydirection cut just like its z-direction, so that every measurement will split the sausage into four equal pieces. The worlds where the measurement outcome is zero are in opposing quadrants. In Alice's case for example, A = 0 worlds are in the first (between her crystal's internal z = a and y directions) and third quadrants (Fig. 2a) . The sausage finally falls into eight pieces (Fig. 2b) , namely the four different kinds of parallel worlds (AB).
Fig. 2:
The cross-section of the probability sausage as seen from Bob's perspective: a) Each measurement splits it into four quadrants. b) When both measurements' decoherences overlap, the world has branched into four types of parallel worlds (AB). Their volumes V depend on d/p and cannot possibly mirror the quantum probability P that for example depend on sin 2 (δ), because this is still fundamentally a local realistic model (LRM) that is proven to not violate Bell's inequality.
If the sausage has unit volume and the angle between a and b is again δ = b -a, the volumes V(AB) of the parallel worlds are V(E) = 2|δ|/π and V(U) = 1 -2|δ|/π (both for |δ| § π/2 and "E" signifying A = B, "U" un-equal). This differs from the quantum expectation values in Eq. (1) [e.g. 
Turning the MW-LRM into a Quantum MWI
Non-locality may suggest modifying the above model by letting Bob's world fiber growth on the right depend on Alice's to the left. Such would bring us back to suspect superluminal hidden information. Instead, we modify the model as naturally expected from the way it was developed up to this point. We forgot that the compound measurement requires another observation, for example Alice's observing of Bob's result, and so the fibers should naturally branch again in order to reflect the fact of that a further observation with several potential outcomes is necessarily involved. The previously considered cutting did so automatically, but with 2 Z cutting surfaces on each side approaching, the angle d may align some of them into coincident planes like in were to meta-randomly select one from the newly grown fibers, she would end up in V(11) with probability V(11), regardless of how many new branches grow. However, d The second essential characteristic according to Kent is that MWI base the mathematical formalism on a state-vector which belongs to a Hilbert space and has a Hamiltonian evolution. He claims that MWI thus all need a certain axiom that involves continuous time. His main criticism is that the derivation of the Born's rule (probabilities are proportional to the integrated squared amplitudes of the orthogonal wavefunction terms associated with the respective measurement outcomes) must remain a key obstacle for all MWI. We do not presume real continuous parameters and do not derive the Born rule. Our claim is that modal realistic local models can accommodate Bell violating rules like Born's.
nothing selects. After doing the experiment many times, past experience tells Alice the probabilities, which are in the overwhelming number of worlds the quantum probabilities P, not V.
Concluding Remarks: Einstein Locality prepared the Modal Paradigm
If the total number of fibers is to ensure one fiber at the smallest angular resolution, say an angle ε of 0.01 degree, then V(11) at d = π/2 would need to grow 1/sin 2 (ε) > 10 8 fibers.
Without a limit on angular resolution, Z is infinite and the cosmological measure problem (Page 2008 ) 19 has reared its head. We may not be able to normalize the probabilities. 34 . However, there are no simple models. The simplicity and the fact that a single, local modification turns the model into quantum physics while destroying its direct realism, is uniquely novel to our approach.
The model clears up a common and tragically consequential confusion that is partially responsible for the slow progress on related issues, for example why it took so long to resolve the EPR paradox. The EPR paradox is traditionally thought of as if quantum mechanics potentially conflicts with special relativity, but this is not just wrong but entirely upside-down. Everett relativity is suspect without special relativity. A nonrelativistic universe would have to quantum split immediately everywhere into extremely many different ones all the time, which seems silly for many reasons. Special relativity already deconstructs the world into a collection of different observers' past light cones in a sort of 'temporal modal realism' -assuming otherwise implies a deterministic block universe. Special relativity is thus prerequisite for understanding quantum mechanics, because world branching only occurs at the observation events while everything outside of one's determined past light cone stays undetermined. Einstein locality and micro causality are important principles in physics -more important even than already widely recognized.
The above conclusion is nicely underlined by our model also teaching that not every MW model is a quantum world and quantum physics is not synonymous with multiverses or modal realism -another in popularity gaining confusion. Without the direction DR, which only facilitates didactic, the model is a relativistic MW modal realism all along;
only the last step makes it quantum. It is these issues whose surface can only be scratched here that lets us introduce this work as merely one example of a general, thereby highly recommended approach of viewing modal realism as the philosophically self-evident fundament that is already strongly indicated by special relativity, which is best thought about in terms of light-cone descriptions (minds remembering past light cones) rather than hyperspace foliations (slices of a real world). The main relevance of our work lies in accelerating this change of paradigm which we view absolutely necessary for further progress on the foundations of physics. 
LRM with Hidden Variables
Let us try to model the experiment described with help of hidden variables. A pair of balls is prepared, say instructions are written on them, and then split. 
Even if the hidden variables are deliberately chosen in cunning ways e , the inequality is expected to hold true, because it derives from the randomness of the measurement angles leading to Eq.(2). Therefore, the quantum physical experiment described in Section 3.1,
where N 02 (U) alone is expected to be by 8 occurrences larger than the right hand sum, cannot be described by any LRM f . e Simply not preparing any i = 1 or 6 pairs sets N 1 and N 6 equal to zero and ensures that the equal sign in Eq.(3) holds. Resultantly, the Bell inequality can be "violated" every second run. It is crucial to stress that quantum theory predicts the inequality to be violated almost every time. f The CHSH inequality is unnecessary, because from a MWI perspective, the detection loophole will be closed by improving detectors, while the communication loophole is crucial: The photon pair creation event C will 'know' all angles simply by being in the same MW branch as those settings, if only the random setting decision's world-branching had sufficient time to arrive at C.
